A new naphthalene O,O,O-triglycoside, kenyaloside (1), was isolated from the dried exudate of Kenyan Aloe species, a bittering and laxative agent. Its structure was established by combined spectral and chemical methods as 1-(β-D-glucopyranosyloxy)-8-(α-L-rhamnopyranosyloxy)-3-(β-D-xylopyranosyloxymethyl)naphthalene.
As part of a systematic chemical investigation into Aloe exudates (bitter aloes) [1] , the structural elucidation of a new water-soluble constituent of the exudate of Kenyan Aloe species is reported here. This exudate, flowing from the cut leaves of Aloe ferox Miller and of its hybrids with A. spicata and A. africana growing in Kenya [2, 3] , when dried, is used as a bittering agent and as a purgative, similarly to Cape aloes [4, 5] . The drug has been reported to contain a number of polyketide metabolites (such as O-and/or C-glucosides) belonging to the families of 6-phenyl-2-pyrones, 5-methyl-7-hydroxychromones, and 1,8-dihydroxyanthrones (see Ref. 3 for a complete list of such compounds).
The structure of the new product, named kenyaloside (1) , was determined by spectral and chemical methods. To our knowledge, it represents the first example of a naphthalene glycoside both occurring in Aloe species and bearing three different O-glycosyl residues [4, 5] . ¶ Part 19 in the series "Studies on Aloe". For Part 18, see Ref. 1 The aqueous extract of the dried exudate of Kenyan Aloe species, after partitioning with ethyl acetate, was lyophilized to afford a residue that was chromatographed successively on silica gel and Sephadex LH-20 columns. Kenyaloside (1) was obtained in ca. 0.1% yield (based on the starting drug). Its molecular formula, C 30 H 40 O 17 , was derived from ESI-HRMS (found: m/z 695.21326, calcd for [M+Na + ] m/z: 695.21577). The presence of three O-glycosyl residues was suggested by inspection of chemical shifts and coupling constants in the 1 H and 13 C NMR spectra of 1 (Table 1 ); in addition, the NOESY spectrum revealed two significant associations between the anomeric proton at δ 5.77 and the upfield aromatic proton, and between another anomeric proton (at δ 4.31) and both the aromatic proton at δ 7.48 and an Ar-CH 2 group (AB system: δ 4.73, 4.94, J = 12.4 Hz). 1 H and 13 C signals due to four aromatic C-H groups, together with the values of 1 H-1 H coupling constants and mutual NOEs, were indicative of a 1,2,3,8-tetrasubstituted naphthalene nucleus.
The existence of an Ar-CO-CH 3 (δ H 1.95, δ C 30.84, 206.70) and of an Ar-glycosyloxymethyl group in 2-and 3-positions, respectively, could be established on the basis of the NOE association between H-4 and Ar-CH 2 -O-protons and of the correlation observed in the HMBC spectrum between the glycosyloxymethyl protons and the aromatic carbon linked to the acetyl group (C-2). Such an assumption was in agreement with the strong similarity in the UV and IR spectra of 1 with those of dianellidin dimethyl ether (3) [6] . In addition, it can be noted that the carbon skeleton and the oxygenation pattern of the kenyaloside aglycone (1, where R 1 = R 2 = R 3 = H) are both consistent with biogenetic considerations suggesting the cyclization of a decarboxylated polyketide (heptaketide) chain as the key step in the formation of the naphthalene nucleus [7] . The unambiguous identification of the three monosaccharides, including their absolute configuration, the orientation of the glycosidic bond, and the location of each of them on the aglycone moiety, resulted from combined NMR spectral data and hydrolysis experiments, as follows.
When 1 was submitted to β-glucosidase-catalyzed hydrolysis, a diglycoside (2) was obtained showing in its NMR spectrum the loss of the β-glucopyranosyl residue from the 1-position of the naphthalene nucleus (Table 1 ). In fact, both chemical shifts and NOE correlations of the upfield aromatic proton (H-7) and of the methylene protons at 3-position remain unchanged. The expected, but not axiomatic [8], D-configuration of glucose was proven by application of the exciton chirality method developed by Nakanishi to characterize methyl glycosides at the nano-gram level [9, 10] . The monosaccharide isolated from the enzymatic hydrolysis of 1 was converted into the mixture of methyl αand βglucopyranosides, which were per-p-bromobenzoylated: the CD spectrum of the resulting mixture of the tetra-esters was found to be coincident with that of the corresponding mixture of esters prepared from an authentic sample of D-glucose and in agreement with data reported for αand β-Dglucopyranosides tetra-p-bromobenzoates [9, 10] .
Treatment of the diglycoside 2 with α-rhamnosidase from Fusarium oxysporum [11] gave L-rhamnose, as demonstrated by derivatization of the sugar and CD spectra comparison, as described above. [9, 10] . That L-rhamnose is involved in an α−glycosidic linkage at the 8-O-position of the naphthalene nucleus in 1 and 2 stems from NOE correlations and coupling constants of the anomeric proton of this hexopyranose (Table 1 ). Finally, the crude monoglycoside isolated from the rhamnosidasecatalyzed hydrolysis of 2, after separation of L-rhamnose, was heated in HCl solution and the released sugar processed and analyzed according to Nakanishi's method [9, 10] . This pentose was identified as D-xylose in agreement with NMR data of 1 and 2 (Table 1) , indicating the presence of a β-xylopyranoside residue [12] . Therefore, the structure of kenyaloside was concluded to be 1-(β-Dglucopyranosyloxy)-8-(α-L-rhamnopyranosyloxy)-3-(β-D-xylopyranosyl-oxmethyl)naphthalene (1).
Experimental

General experimental techniques:
Optical rotations were measured on a Jasco P-1030 polarimeter, UV spectra on a Hewlett Packard 8452A Diode Array Spectrophotometer, CD spectra on a Jasco J-500 instrument, and IR spectra on a Perkin-Elmer FT-IR 1725 X spectrometer. NMR spectra were recorded on a Bruker AVANCE 400 Spectrometer using a XWIN-NMR software package; chemical shifts (δ) are given in ppm and were referenced to the CD 3 OD signals (δ H 3.30, δ C 49.0). ESI-HRMS spectra were acquired on a Bruker Daltonics FT-ICR APEX-II mass spectrometer and ESI MS spectra on a ThermoFinnigan LCQ Advantage instrument. Analytical TLC was performed on silica gel 60 F 254 aluminum sheets (Merck) using the following eluents: A, EtOAc-EtOH-H 2 O, 100:20:13; B, n-BuOH-AcOEt-H 2 O, 7:2:1; components were detected under an UV lamp and by spraying with either 0.5% Fast Blue B salt (phenols) or with 4% ceric sulfate/ ammonium molybdate solution (sugars), followed by (1) The less polar fraction, after further purification by column chromatography eluting with AcOEt-EtOH (from 5:1 to 1:1), furnished the diglycoside 2 (30 mg, 79%) as a pale yellow powder. The more polar fraction was submitted to column chromatography (eluent AcOEt-EtOH, from 3:1 to 1:1) to give glucose (9 mg, 67%), identified by TLC comparison with an authentic sample (eluent B, Rf 0.31).
Kenyaloside [1-(β-D-glucopyranosyloxy)-8-(α-Lrhamnopyranosyloxy)-3-(β-D-xylopyranosyloxymethyl)naphthalene
Compound 2 (20 mg), dissolved in 50 mM phosphate buffer pH 6 (5 mL), was incubated with α-rhamnosidase from Fusarium oxyporum CCF 906 (0.2 U) [11] at 35°C for 24 h. After concentration, MeOH was added, the precipitate removed by filtration and the solvent evaporated under reduced pressure.
Repeated column chromatographic purification (eluent AcOEt-EtOH, from 5:1 to 1:1 and from 3:1 to 1:1) furnished rhamnose (5 mg, Rf 0.62, eluent B, co-TLC with an authentic sample) and a yellow product (10 mg, Rf 0.73, eluent A). This was hydrolyzed without further purification (0.1 N HCl, dioxane-H 2 O, 1:1, 5 mL; 70°C, 5 h, under nitrogen) to give xylose (Rf 0.50, eluent B, co-TLC with an authentic sample), which was purified (1.5 mg) by column chromatography (eluent AcOEt-EtOH, from 3:1 to 1:1). (2) [α] D : -36.2º (c 0.07, MeOH). Rf : 0.54(AcOEt-EtOH-H 2 O, 100:20:13). IR (KBr): 1635 cm -1 . UV/Vis λ max (MeOH) nm (log ε): 225 (4.49), 258sh (4.09), 297 (3.99), 334 (3.80). 1 
8-(α-L-Rhamnopyranosyloxy)-3-(β-Dxylopyranosyloxymethyl)naphthalen-ol
Determination of the absolute configuration of the isolated sugars:
The isolated monosaccharides were converted into methyl glycopyranosides followed by treatment with excess p-bromobenzoyl chloride, as in ref. 9 . Comparison of the CD spectra of the resulting per-p-bromobenzoates with those of the analogous derivatives prepared from authentic samples allowed the D-configuration for glucose and xylose and the Lconfiguration for rhamnose to be established.
